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W e study nuclear eects of charged current deep inelastic neutrino-iron scattering in the
fram ework ofa 
2
analysisofparton distribution functions(PD Fs).W e extracta setofiron
PD Fswhich areused to com putexB j-dependentand Q
2-dependentnuclearcorrection factors
for iron structure functions which are required in globalanalyses offree nucleon PD Fs. W e
com pare our results with nuclear correction factors from neutrino-nucleusscattering m odels
and correction factors for ‘ -iron scattering. W e nd that,except for very high xB j,our
correction factorsdierin both shapeand m agnitudefrom thecorrection factorsofthem odels
and charged-lepton scattering.
1 Im pact ofN uclear C orrections on P D Fs
Thehigh statisticsm easurem entsofneutrino deeply inelasticscattering (DIS)on heavy nuclear
targets has generated signicant interest in the literature since these m easurem ents provide
valuable inform ation forglobaltsofparton distribution functions(PDFs).Theuseofnuclear
targetsisunavoidabledueto theweak natureoftheneutrino interactions,and thiscom plicates
theextraction offreenucleon PDFsbecausem odel-dependentcorrectionsm ustbeapplied tothe
data.In early PDF analyses,thenuclearcorrectionswere static correction factorswithoutany
y
Presented by Fred O lness.
Talk given atthe XLIIIth Rencontres de M oriond Q CD and High Energy Interactions,
La Thuile,M arch 8-15,2008.
Talk given atthe 16th InternationalW orkshop on Deep-Inelastic Scattering (DIS2008),
7-11 April2008,University College London.






currentneutrino-Fescattering atQ 2 = 5 G eV 2.Results
are shown forthecharged currentneutrino (solid lines)
and anti-neutrino (dashed lines) scattering from iron.
Theupper(lower)pairofcurvesshowstheresultofour
analysiswith the Base-2 (Base-1)free-proton PD Fs.
Figure 2: Predictions (solid and dashed line) for the




2 using the iron PD Fs
extracted from tstoNuTeV neutrinoand anti-neutrino
data.TheSLAC/NM C param eterization isshown with
the dot-dashed line. The structure function F
D
2 in the
denom inatorhasbeen com puted usingeithertheBase-2
(solid line)orthe Base-1 (dashed line)PD Fs.
(signicant)dependenceon theenergy scaleQ ,theatom icnum berA,orthespecicobservable.
Theincreasingprecision ofboth theexperim entaldataand theextracted PDFsdem and thatthe
applied nuclearcorrection factorsbeequally preciseasthesecontributionsplay a crucialrolein
determ ining thePDFs.In thisstudy wereexam inethesourceand sizeofthenuclearcorrections
thatenter the PDF globalanalysis,and quantify the associated uncertainty. Additionally,we
provide the foundation forincluding the nuclearcorrection factorsasa dynam ic com ponentof
the globalanalysisso thatthe fullcorrelationsbetween the heavy and lighttargetdata can be
exploited.
A recentstudy1 analyzed the im pactofnew data setsfrom the NuTeV 3,Chorus,and E-
866 Collaborationson thePDFs.Thisstudy found thattheNuTeV data set(togetherwith the
m odelused forthenuclearcorrections)pulled againstseveraloftheotherdata sets,notably the
E-866,BCDM S and NM C sets. Reducing the nuclear corrections atlarge valuesofx reduced
the severity ofthispulland resulted in im proved 2 values. These resultssuggeston a purely
phenom enologicallevelthatthe appropriate nuclearcorrectionsfor-DIS m ay wellbe sm aller
than assum ed.
To investigatethisquestion further,weusethehigh-statistics-DIS experim entsto perform
a dedicated PDF tto neutrino{iron data.2 O urm ethodology forthistisparallelto thatof
the previousglobalanalysis,1 butwith the dierence we use only Fe data and thatno nuclear
correctionsareapplied to the analyzed data;hence,theresulting PDFsare fora bound proton
in an iron nucleus. Specically,we determ ine iron PDFs using the recent NuTeV dierential
neutrino (1371 data points)and anti-neutrino (1146 data points)DIS crosssection data,3 and
we include NuTeV/CCFR dim uon data (174 points) which are sensitive to the strange quark
contentofthenucleon.W eim posekinem aticcutsofQ 2 > 2 G eV and W > 3:5 G eV,and obtain
a good twith a 2 of1.35 perdata point.2
2 N uclear C orrection Factors
W e now com pare ouriron PDFswith the free-proton PDFs(appropriately scaled)to inferthe












































Figure3: Nuclearcorrection factorR forthestructurefunction F2 in a)neutrino and b)anti-neutrino scattering
from Fe.Thesolid curveshowstheresultofouranalysisofNuTeV data;theuncertainty from thetisrepresented
by theshaded (yellow)band.Forcom parison weshow thecorrection factorfrom theK ulagin{Pettim odel(dashed-
dotline),
4
HK N07 (dashed-dotted line),
5
and the SLAC/NM C param etrization (dashed line).
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whereO [NPDF]representstheobservablecom puted with nuclearPDFs,and O [free]isthesam e
observableconstructed outofthefreenucleon PDFs.In addition to thekinem aticvariablesand
the factorization scale,R can depend on the observable under consideration sim ply because
dierentobservablesm ay be sensitive to dierentcom binationsofPDFs. Thism eansthatthe





correction factor for F A
2
willyield dierentresults forthe charged current{F e process(W 
exchange)ascom pared with theneutralcurrent‘ {F e process( exchange).Because we have
extracted the iron PDFs from only iron data,we do not assum e any particular form for the
nuclearA-dependence;hencethe extracted R[O ]ratio isessentially m odelindependent.
W e begin by com puting the nuclear correction factor R for the neutrino dierentialcross
section d2=dxdQ 2, as this represents the bulk of the NuTeV data included in our t, cf.,
Fig.1. W e have com puted R using two separate proton PDFs denoted as Base-1 and Base-2;
the dierence ofthese curves,in part,reectsthe uncertainty introduced by the proton PDF.2
W e also observe that the neutrino and anti-neutrino results coincide in the region oflarge x
wherethevalencePDFsaredom inant,butdierby a few percentatsm allx dueto thediering
strange and charm distributions.
W enextdisplay thenuclearcorrection factorsforF F e
2
and F F e
2
in Fig.3.TheSLAC/NM C
curve hasbeen obtained from an A and Q 2-independentparam eterization ofcalcium and iron
charged{lepton DIS data.1 Dueto theneutron excessin iron,both ourcurvesand theK P curves
dierwhen com paring scattering forneutrinosand anti-neutrinos.Forourresults(solid lines),
the dierence between the neutrino and anti-neutrino resultsisrelatively sm all,oforder3% at
x = 0:6.Conversely,forthe K P m odel(dashed-dotted lines)the { dierence reaches10% at
x  0:7,and rem ainssizable atlowervaluesofx.
Com paring the nuclearcorrection factors forthe F2 structure function (Fig.3)with those
obtained forthe dierentialcrosssection (Fig.1),we see these are quite dierent,particularly
atsm allx.Thisisbecausethecrosssection d2 iscom prised ofadierentcom bination ofPDFs
than theF2 structurefunction.Again,weem phasizethatitisim portantto usean appropriate
nuclearcorrection factorwhich ism atched to the particularobservable.
O ur results have generalfeatures in com m on with the K P m odeland the SLAC/NM C
param eterization,butthem agnitudeoftheeectsand thex-region wherethey apply arequite
dierent.O urresultsare noticeably atterthan the K P and SLAC/NM C curves,especially at
m oderate-x wherethedierencesaresignicant.Thegeneraltrend weseewhen exam iningthese
nuclear correction factors is thatthe anti-shadowing region is shifted to sm aller x values,and
any turn-overatlow x ism inim algiven the PDF uncertainties. In general,these plotssuggest
thatthe size ofthe nuclearcorrectionsextracted from the NuTeV data are sm allerthan those
obtained from charged lepton scattering (SLAC/NM C)orfrom the setofdata used in the K P
m odel.





can perform am orebalanced com parison by usingouriron PDFstocom putethissam equantity.
The results are shown in Fig.2 where we have used our iron PDFs to com pute F F e
2
,and the
Base-1 and Base-2 PDFstocom puteF D
2
.Asbefore,wend ourresultshavesom egrossfeatures
in com m on whileon am orerened levelthem agnitudeofthenuclearcorrectionsextracted from
the charged currentiron data diersfrom the charged lepton data.In particular,we note that
theso-called \anti-shadowing" enhancem entatx  [0:06  0:3]isnotreproduced by thecharged
current (anti-)neutrino data. Exam ining our results am ong allthe various R[O ]calculations,
we generally nd that any nuclear enhancem ent in the sm allx region is reduced and shifted
to a lower x range as com pared with the SLAC/NM C param eterization. Furtherm ore,in the
lim itoflargex (x

> 0:6)ourresultsareslightly higherthan thedata,including thevery precise
SLAC-E139 points;however,the large theoreticaluncertaintieson F D
2
in thisx-region m ake it
dicultto extractrm conclusions.
3 C onclusions
W hilethenuclearcorrectionsextracted from charged current{F e scattering havesim ilargen-
eralcharacteristics asthe neutralcurrentl {F e charged-lepton results,the detailed x and Q 2
behaviorisquite dierent. There isa priorino requirem entthatthese be equal;in fact,given
thatthe{F eprocessinvolvestheexchangeofaW and the‘ {F eprocessinvolvestheexchange
ofa  we necessarily expectthiswilllead to dierencesatsom e level.
Theseresultsraisethedeeperquestion astowhetherthecharged currentand neutralcurrent
correction factorsm ay besubstantially dierent.A com bined analysisofneutrino and charged-
lepton datasets,forwhich thepresentstudy providesafoundation,willshed m orelighton these
issues. Resolving these questions is essentialifwe are to reliably use the plethora ofnuclear
data to obtaining free-proton PDFswhich form the basisoftheLHC analyses.
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